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We report a severe acute respiratory syndrome coronavi-
rus 2 superspreading event in the Netherlands after dis-
tancing rules were lifted in nightclubs, despite requiring
a negative test or vaccination. This occurrence illustrates
the potential for rapid dissemination of variants in largely
unvaccinated populations under such conditions. We de-
tected subsequent community transmission of this strain.

Because of decreasing severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) inci-
dence rates in the Netherlands at the time, the gov-
ernment of the Netherlands lifted most restrictions
on June 26, 2021 (week 25) (1). The mandate to stay
at home and get tested if experiencing symptoms
remained. However, wearing of facemasks was no
longer mandatory if a distance of >1.5 meters could
be maintained. Event attendees who were fully vac-
cinated or had tested negative for SARS-CoV-2 with-
in the previous 40 hours (testing-for-access) did not
have to wear facemasks or maintain 1.5-meter phys-
ical distancing. Persons meeting 1 of those criteria
(tested or fully vaccinated) were given a QR code in
the CoronaCheck application, commissioned by the
government of the Netherlands (2), which allowed
them access to events.

Author affiliations: Amsterdam University Medical Centres,
University of Amsterdam, Amsterdam, the Netherlands

(J. Koopsen, A.X. Han, M.D. de Jong, M. Jonges, S.P.H. Rebers,
C.A. Russell, J. Schinkel, M.R.A. Welkers); Public Health Service
Amsterdam, the Netherlands. (C.E. van Ewijk, R. Bavalia,

A. Cornelissen, S.M. Bruisten, F. de Gee, M. de Jong, N. Khawaja,
F.M.H.P.A. Koene, M. van der Lubben, I. Mikulic, A.J.M. Schreijer,
J.A. den Uil, M.R.A. Welkers, T. Leenstra)

DOI: https://doi.org/10.3201/eid2805.212019

1012

Shortly after June 26, coronavirus disease (COV-
ID-19) cases surged in the greater Amsterdam region
of the Netherlands (Appendix 1 Figure 1, https://
wwwnc.cdc.gov/EID/article/28/5/21-2019-App1.
pdf). Most infections were among young adults 18-
30 years of age (Appendix 1 Figure 2), of whom only
14% were fully vaccinated at that time (3). A steep
increase in reported clusters related to the hospital-
ity sector, particularly bars and discotheques, was
observed in the following weeks; 121 clusters were
reported in week 27 compared with an average of 4
clusters/week in weeks 21-25 (Appendix 1 Figure
3). To gain insight into the case surge and transmis-
sion dynamics, we investigated an outbreak linked
to a nightclub event in central Amsterdam on June
26. We examined whether the high number of cases
linked to the nightclub were the result of a super-
spreading event or the attendance of multiple infec-
tious persons.

The Study
In the Netherlands, confirmed infections are reported
to the local Public Health Service (PHS), and source
and contact tracing is performed with a telephone
interview. Data are obtained on sociodemographics,
date of symptom onset, symptoms, vaccination sta-
tus (and, if applicable, vaccine type, number of doses,
and dates of administration) and locations the index-
patient visited during the incubation and contagious
periods. Medical ethics clearance for this study was
not required (Appendix 1).

We defined a case as illness in a person who
visited the nightclub on June 26, tested positive for
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SARS-CoV-2 within 14 days, and whose status was
reported to the PHS. Cases were identified passively:
persons were included only if they indicated during
their PHS interview that they had visited the night-
club on June 26. The nightclub has an estimated ca-
pacity of 150 persons and was reported to be at full
capacity that evening with attendees dancing and
singing to loud music. A total of 60 confirmed COV-
ID-19 cases were linked to the nightclub, raising sus-
picion of a superspreading event. Onset of symptoms
occurred during June 27-July 3. Most case-patients
were not fully vaccinated (defined as 14 days after
completion of the vaccination series [Appendix 1 Fig-
ures 4, 5]): 4 (7.4%) persons were fully vaccinated and
41 (76%) were unvaccinated (Table). Most cases were
in young adults (mean age 21.1 years [SD 3.3 years])
and women (60%), and most persons reported CO-
VID-19-associated symptoms (93%). In 61% of cases,
no other potential source for transmission besides the
nightclub event was indicated. Of the 60 confirmed
cases, 33 persons lived in the Amsterdam region and
27 resided in other regions (Table).

Samples from 23/60 cases were available for se-
quencing, of which 3 were not eligible because of high
cycle threshold values (>32). For 19/20 samples, we
successfully obtained full genome sequences; all be-
longed to PANGO-lineage B.1.617.2 (4), which was
denoted as variant of concern Delta by the World
Health Organization (5) (Appendix 1 Table). To pro-
vide for phylogenetic context, we included weekly
surveillance samples from the Amsterdam region
(n = 421) in the analyses, as well as all Delta variant
sequences from the Netherlands available in the GI-
SAID database (https://www.gisaid.org; n = 4,465)
(Appendix 2 Table, https://wwwnc.cdc.gov/EID/
article/28/5/21-2019-App2.pdf) on August 1, 2021.
All nightclub-associated genomes showed character-
istics of a superspreading event: a tight phylogenetic
cluster closely related in time (June 27-July 3) (Ap-
pendix 1 Figure 4) and genomic diversity (Figure 1).
The pairwise genetic distance between all sequences
was <2 single-nucleotide polymorphisms (Appen-
dix 1 Figure 6), comparable to previously observed
superspreading events (6). In addition, all sequences
formed a monophyletic cluster marked by a specific
single-nucleotide polymorphism combination: a Del-
ta variant with C4321T in the presence of (wild-type)
22792C. In our dataset, all viruses with this combina-
tion collected before July 1 were sampled from per-
sons who were at the nightclub. This combination
was not observed in our dataset or in any Netherlands
Delta sequences (n = 4465) from the GISAID database
before June 26 (Appendix 1 Figure 7). Furthermore,
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randomly collected surveillance samples in the re-
gion from the weeks preceding the nightclub event
showed diverse viruses circulating in the Amsterdam
region (Appendix 1 Figure 8), and samples collected
from 2 other nightclubs on June 26 also showed dif-
ferent lineages (Appendix 1 Figure 9). This finding
makes multiple introductions at the nightclub with a
highly prevalent, highly similar variant unlikely. In
all, these findings strongly suggest a single introduc-
tion of the C4321T + 22792C variant, which was am-
plified by superspreading at the nightclub.

Since the introduction of C4321T + 22792C, the
variant has been increasingly detected in random
genomic surveillance from the Amsterdam region:
no surveillance samples were detected in week 26
compared with 33% of samples in week 28 (Figure
2). This lineage was introduced the weekend night-
clubs were opened and has clearly propagated in the
community, where subsequent transmission of the
lineage occurred.

Conclusions

This study illustrates the amplification of a specific
linage in a largely unvaccinated group under circum-
stances such as those observed in a nightclub where

Table. Descriptive statistics of 60 persons with confirmed SARS-
CoV-2 infection after nightclub event, Amsterdam, the
Netherlands, June 2021*

Characteristics No. (%)
Sex
F 34 (60)
M 23 (40)
Unknown 3
Mean age, y (SD) 21.1(3.3)
Unknown 3
Symptoms
Symptomatic 55 (93)
Asymptomatic 4 (7)
Unknown 1
Vaccination status
Fully vaccinatedt 4(7.4)
Incomplete vaccination 9(17)
No vaccination received 41 (76)
Unknown 6
PHS region
PHS Amsterdam 33 (57)
Other PHS region 25 (43)
Unknown 2
Other self-reported potential sources
None: only nightclub on June 26th 35 (61)
Other hospitality sector 17 (30)
Education 1(1.8)
Social gathering 2(3.5)
Supermarket 1(1.8)
Vaccination location 1(1.8)
Unknown 3

*PHS, Public Health Service; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2.

tFully vaccinated defined as 14 days after completion of vaccination
series.
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Figure 1. Clustering of severe acute respiratory syndrome coronavirus 2 cases related to nightclub event, Amsterdam, the Netherlands,
June 2021. Red circles indicate sequences linked to the nightclub. A) Maximum-likelihood tree of all sequences (n = 4,905) in the
dataset. B) Magnification of the clade (highlighted in blue in panel A) containing sequences linked to the nightclub (n = 1,663). Branches
without tips depict other Netherlands Delta variant sequences derived from GISAID (https://www.gisaid.org).

social distancing measures and facemask requirements
were lifted, despite a testing-for-access policy. In ad-
dition, our results highlight the consequence of super-
spreading events on subsequent transmission dynam-
ics of SARS-CoV-2 in the community. Investigating an
outbreak on June 26, 2021, the first date that social dis-
tancing measures were lifted under testing-for-access
conditions, enabled us to isolate a single SARS-CoV-2
transmission event.

The role of superspreading in SARS-CoV-2 trans-
mission has been highlighted previously (6,7), also in
the context of nightclubs (8,9). Considering the poten-
tial of SARS-CoV-2 to be transmitted through aerosols
(10,11), nightclubs can be a high-risk setting because
of poor ventilation and sustained overcrowding. Our
findings suggest that the rapid surge in cases in July
2021 was at least partially driven by superspreading
events such as the event we describe.

In particular, testing-for-access, as it was put
in place in the weeks following June 26, provided
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opportunity for infectious persons to slip through.
Access was provided immediately after a single
Johnson & Johnson/Janssen vaccination (https://
www janssen.com) (too soon), a negative antigen test
result was valid for 40 hours (too long), and check-
ing of QR codes was reported to be inconsistent at
some venues (12,13).

This study used data collected for nonresearch
purposes during scaled-down source and contact
tracing and has limitations. First, cases were pas-
sively included, which could underestimate the true
extent of the outbreak, because asymptomatic cases
or cases tested only by self-administered antigen tests
might have been missed. This factor could also ex-
plain the high percentage of symptomatic cases (14).
Nevertheless, we believe this factor did not result in
a biased selection of cases. Second, we conducted ge-
nomic analysis for only 1/121 detected hospitality
sector-related clusters, limiting generalizability of
our findings.
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Figure 2. Detected increase of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) sequences with signature

first detected in nightclub samples, Amsterdam, the Netherlands. A) Absolute number of weekly cases in randomly selected
surveillance samples in the Amsterdam region, colored by the nucleotides at position 4321 and 22792 of the SARS-CoV-2
genome. B) Time-resolved phylogenetic tree of dataset containing all Netherlands SARS-CoV-2 Delta variant sequences available
in GISAID on August 1, 2021, random surveillance samples from the Amsterdam region, and samples from returning travelers to
the Amsterdam region. Tips are colored by the nucleotides at position 4321 and 22792 and epidemiologic linkage to the nightclub
(with signature C4321T + 22792C). Dashed red line indicates the day of lifting 1.5-meter social distancing restrictions with QR

code. NA, not applicable.

In conclusion, testing-for-access did not prevent
superspreading at this event, indicating the need for
caution when easing social distancing measures in
night life, even under more optimal testing-for-access
conditions. This finding is particularly relevant in
a population where vaccination coverage is low or
when new variants circulate that are associated with
lower vaccine effectiveness.
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Appendix

Supplementary Methods

Virus Detection and Whole-Genome Sequencing

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)—positive materials
with cycle threshold values <32 were transported to the Department of Medical Microbiology
of the Amsterdam University Medical Centre, location Meibergdreef, for full-genome
sequencing. RNA extraction was performed on 200 pL of the original patient sample material
by using a MagNaPure 96 System (Roche Diagnostics, https://www.roche.com) according to
manufacturer’s instructions with a total elution volume of 50 puL. Equine arteritis virus was
added before the RNA extraction as an internal extraction control. For cDNA synthesis, the
SuperScipt VILO cDNA Synthesis Kit (catalog no. 11754050, ThermoFisher Scientific,
https://www.thermofisher.com) was used according to manufacturer’s instructions. Extracted
RNA was diluted to an estimated input of 100 copies/reaction in nuclease-free water
(AM9939, Ambion, ThermoFisher Scientific). In total, 7 uL of diluted RNA solution was
combined with 2 pL of 5xVILO reaction mix and 1 pL of 10x SuperScript III enzyme blend
tot a total reaction volume of 10 uL. We performed cDNA synthesis on a 96-well Biometra
thermal cycler for an initial step at 42°C for 30 minutes followed by 5 minutes at 85°C. We
performed SARS-CoV-2 full-genome amplification, adaptor ligation, and purification by
using the Ion AmpliSeq SARS-CoV-2 Insight Research Assay (A51305, ThermoFisher
Scientific) according to manufacturer’s instruction. Libraries were quantified by using the lon
Library TagMan Quantitation Kit (4468802, ThermoFisher Scientific) according to
manufacturer’s instructions. Samples were sequenced on an Ion GeneStudio S5 system using
an lon 540 chip (ThermoFisher Scientific). Primer-removed fastq-files were exported for

further analysis using the Torrent Suite Software (ThermoFisher Scientific).
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Per read quality control was performed using Trimmomatic v0.36 (with settings
“LEADING:20 TRAILING:20 SLIDINGWINDOW:10:20 MINLEN:50”) (/). Resulting
quality-checked reads were first mapped to human reference genome HG19 using BWA
v0.7.17 (2) with default settings (“bwa bwasw”) to remove all reads of potential human
origin. All unmapped reads were subsequently mapped to SARS-CoV-2 refence genome
Wuhan-Hu-1 (3). Resulting sequence alignment map (sam) files were converted to bam,
sorted, and indexed using SAMtools v1.14 (4). A consensus sequence was generated using the
TrueConsense package, kindly provided by the National Institute of Public Health and The
Environment (RIVM) (sourcecode available at https://github.com/RIVM-

bioinformatics/Trueconsense) using settings (-cov 10 -noambig).

Phylogenetic Analysis

Surveillance sequences are derived from randomly selected samples from the
Amsterdam region to provide an indication of the circulating strains in the region. Returning
travelers’ surveillance sequences are derived from samples from returning travelers from
countries deemed at risk for importation of variants of concern. A maximum-likelihood
phylogeny and a time-resolved phylogeny were constructed using the Augur pipeline (5). We
used procedures taken from [github.com/nextstrain/ncov] including the clock rate, reference
genome, site masking, and clade definition files. More specifically, sequences were aligned to
reference genome Wuhan-Hu-1 (3) using MAFFT (6), and a maximum-likelihood tree was
constructed using IQ-TREE (7) under a HKY+G substitution model, while masking sites
13402, 24389, and 24390. The time-resolved tree was constructed using TreeTime (&) using a
clock-rate of 0.0008 (SD 0.0004) and after removing molecular clock outliers (tips that
deviate >4 interquartile ranges from the root-to-tip vs time regression). Trees were visualized
using ggtree (9) as implemented in R (/0). Sequences were deposited in GISAID
(EPI_ISL3915592—EPI ISL 3915610). Pairwise genetic distances were calculated with
MEGAG6 (/1) using the distance matrix function with a nucleotide substitution p-distance
model. P-distances were transformed to number of single-nucleotide polymorphisms, and are
depicted in Appendix Figure 7. One single-nucleotide polymorphism was defined as a p-

distance of 0.00003.

Ethics Statement
SARS-CoV-2 is a notifiable disease in the Netherlands. The Public Health Service has
legal permission, provided by Dutch national public health law, to process patient information

for national surveillance of communicable diseases (Wet Publieke Gezondheid,
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https://wetten.overheid.nl/ BWBR0024705/2021-07-17). Therefore, separate medical ethical
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Appendix Table. Sequence characteristics of SARS-CoV-2 infections linked to nightclub event, Amsterdam, the Netherlands,
June 2021*

Genome
Sequence coveraget Pango lineage Variant Ci value GISAID strain
AUMC2021AC10 99.50% B.1.617.2 Delta 18.90 hCoV-19/Netherlands/NH-AUMC-
004568/2021
AUMC2021AC17 99.53% B.1.617.2 Delta 21.58 hCoV-19/Netherlands/NH-AUMC-
004575/2021
AUMC2021AC18 99.09% B.1.617.2 Delta 24.23 hCoV-19/Netherlands/NH-AUMC-
004595/2021
AUMC2021AC23 99.54% B.1.617.2 Delta 25.72 hCoV-19/Netherlands/NH-AUMC-
004536/2021
AUMC2021AC24 99.65% B.1.617.2 Delta 25.17 hCoV-19/Netherlands/NH-AUMC-
004531/2021
AUMC2021AC39 0% NA NA 25.57 Failed sequence
AUMC2021AC64 99.41% B.1.617.2 Delta 27.98 hCoV-19/Netherlands/NH-AUMC-
004572/2021
AUMC2021AC66 99.19% B.1.617.2 Delta 29.81 hCoV-19/Netherlands/NH-AUMC-
004576/2021
AUMC2021AD18 98.73% B.1.617.2 Delta 17.16 hCoV-19/Netherlands/NH-AUMC-
004595/2021
AUMC2021AD19 99.60% B.1.617.2 Delta 17.81 hCoV-19/Netherlands/NH-AUMC-
004594/2021
AUMC2021AD65 97.59% B.1.617.2 Delta 26.22 hCoV-19/Netherlands/NH-AUMC-
004586/2021
AUMC2021AE31 99.65% B.1.617.2 Delta 20.32 hCoV-19/Netherlands/NH-AUMC-
009904/2021
AUMC2021AE37 99.54% B.1.617.2 Delta 20.08 hCoV-19/Netherlands/NH-AUMC-
009926/2021
AUMC2021AE38 99.67% B.1.617.2 Delta 19.44 hCoV-19/Netherlands/NH-AUMC-
009535/2021
AUMC2021AE49 99.44% B.1.617.2 Delta 23.07 hCoV-19/Netherlands/NH-AUMC-
009880/2021
AUMC2021AE70 99.41% B.1.617.2 Delta 24.70 hCoV-19/Netherlands/NH-AUMC-
009927/2021
AUMC2021AE88 99.46% B.1.617.2 Delta 31.48 hCoV-19/Netherlands/NH-AUMC-
009536/2021
AUMC2021AE89 99.67% B.1.617.2 Delta 28.75 hCoV-19/Netherlands/NH-AUMC-
009534/2021
AUMC2021AE9Q0 99.39% B.1.617.2 Delta 28.01 hCoV-19/Netherlands/NH-AUMC-
009925/2021
AUMC2021AF28 99.59% B.1.617.2 Delta 22.70 hCoV-19/Netherlands/NH-AUMC-
009542/2021

*Ct, cycle threshold; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
tGenome coverage was calculated based on the length of the reference sequence MN908947 (Wuhan-Hu-1) (3).
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Appendix Figure 1. Epicurve of coronavirus disease cases in region of the municipal health service of
Amsterdam, the Netherlands. Red line is 7-day rolling average. Green lines indicate dates of measure
easing (72) and subsequent tightening (13).
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Appendix Figure 2. Coronavirus disease cases per 100,000 persons in the Amsterdam region in 2
periods of rapid increase in cases, the Netherlands. Age distributions of all cases in the Amsterdam
region in week 43 in 2020 (Autumn 2020 increase) are compared with age distributions of all cases in

the Amsterdam region in week 27 in 2021 (most recent increase).
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Appendix Figure 3. Number of weekly coronavirus disease cases related to hospitality in the
Amsterdam region, the Netherlands. Shaded area indicates a period of scaled-down source and

contact tracing, indicating underreporting.
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Appendix Figure 4. Epicurve of coronavirus disease cases related to a nightclub in central
Amsterdam, the Netherlands, on June 26, 2021. Date of symptom onset is depicted, but for
asymptomatic cases (n = 4), sampling date of positive test was used. For 1 case, date of symptom
onset was missing and date of sampling and was omitted. Fully vaccinated is defined as 14 days after
completion of vaccination series.
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Appendix Figure 6. Pairwise distance matrix of all coronavirus disease sequences linked to event in

nightclub, Amsterdam, the Netherlands, June 2021.
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Appendix Figure 7. Time-resolved tree of dataset containing all Dutch severe acute respiratory
syndrome coronavirus 2 Delta variant sequences available on GISAID on August 1, 2021, random
surveillance samples from Amsterdam region, and samples from returning travelers to the Amsterdam
region. Red dots denote samples with mutation signature observed in sequences linked to nightclub.
Red dashed line indicates June 26, 2021, the date of the event at the nightclub.
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Appendix Figure 8. Time-resolved tree of dataset containing all Dutch severe acute respiratory
syndrome coronavirus 2 Delta variant sequences available on GISAID on August 1, 2021, random
surveillance samples from Amsterdam region, and samples from returning travelers to the Amsterdam
region. Random surveillance samples from week 25 and week 26 (2021) are highlighted, together with

sequences linked to the nightclub.
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Appendix Figure 9. A) Phylogenetic tree containing all Dutch severe acute respiratory syndrome
coronavirus 2 Delta variant sequences available on GISAID on August 1, 2021, random surveillance
samples from Amsterdam region, samples from returning travelers to the Amsterdam region, and
sequences linked to 2 additional nightclub events on June 26, 2021. Sequences linked to alternative
nightclub 2 are not shown because they belonged to the B.1.1.7 lineage and were thus unrelated. B)
Magnification of the clade containing the nightclub samples.
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